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a b s t r a c t
During maturation and ageing in oak barrels wines improve their organoleptic properties. Ellagitannins
can be released from wood to the wine and be involved in oxidation reactions and seem to influence the
astringency and colour properties of the wine.
Nevertheless, the ellagitannins levels are lower than those of other wine constituents and, conse-
quently, they are not easily detected. This study has developed a two-step fractionation method consisting
of a solid phase extraction in C-18 Sep-Pak® cartridges followed by size exclusion chromatography in
hand-packed Sephadex LH-20 minicolumn for the detection of oak ellagitannins in different types of
wines. An HPLC method has also been developed which allows the separation of compounds with the
same m/z ratios, facilitating the ellagitannin identification by means of the mass spectrometric analyses.
The main oak ellagitannins (grandinin, vescalagin, roburin E and castalagin) were isolated, detected sep-
arately and identified in a spiked wine and in three real ones, proving the usefulness of the fractionation
method.
© 2009 Elsevier B.V. All rights reserved.
1. Introduction
During maturation and ageing of wines in oak barrels differ-
ent substances can be released from the wood to the wine and can
take part in several reactions which might produce both qualita-
tive and quantitative changes in the wine affecting its organoleptic
properties such as colour and astringency [1–3]. The ellagitannins
(hydrolysable tannins) are among these compounds. In oak heart-
wood they may represent 10% of the dry weight and are responsible
for the high durability of this wood [4].
The most representative structures of ellagic tannins are
vescalagin and castalagin, two isomers first isolated and described
by Mayer [5]. Lyxose/xylose derivatives (grandinin and roburin E,
respectively) and dimeric forms (roburins A, B, C, D) have also been
described [6,7]. These compounds are extracted from wood to wine
owing to the hydro-alcoholic nature of the wine. The extraction
depends mainly on the pool of potential extractable compounds
that are originally present in the barrel oak wood and on the con-
ditions and duration of the winemaking process [8].
The content of the ellagitannins in oak wood is influenced by
several factors [8]. On the one hand, the oak species (e.g., Quercus
robur L., Quercus petraea (Matt.) Liebl., Q. alba L.), the geographi-
cal origin (e.g., American or European oak) [9,10], the age [11] or
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the sylvocultural treatment of the tree, on the other, the process-
ing of wood in cooperage that changes its chemical composition.
The method to obtain the staves, the method of seasoning (nat-
ural or artificial, length, location, etc.) or the degree of toasting
(no-toasting, light, medium or heavy toasting) have an impor-
tant influence on the ellagitannins’ content in oak [12,13]. As a
result of all these treatments the ellagitannins can be oxidized
and can form polymers and copolymers with cell-wall compo-
nents. Thus, their solubility would be reduced [14]. Moreover, the
age of the barrels is also important, since it has been reported
that the levels of extracted ellagitannins are much lower in old
barrels [15].
The ellagitannins possess several hydroxyl functions in ortho
positions at the periphery of their molecular structures (Fig. 1). For
this reason, in wine, they are involved in oxidation reactions, act-
ing as consumers of oxygen which induce an increased oxidizing
power that finally causes a large quantity of peroxides and acetalde-
hyde to be produced by oxidation [1]. Thus, ellagic tannins may
take part in the changes of colour during maturation and ageing
of wine, helping to improve colour stability and also protecting it
against oxidation [1,16,17]. Oak wood ellagitannins can also affect
the astringency of the wine, since, as procyanidins, they have the
ability to precipitate proteins, in particular the salivary proteins in
the oral cavity [1,2,18].
During maturation and ageing of wine in oak barrels, ellagitan-
nins are solubilised by wine and diffuse through the wood. Once
in the wine the ester bonds of the ellagitannins may be easily
0003-2670/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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Fig. 1. Structure of the main oak ellagitannins.
hydrolysed giving rise, by rearrangement of the HHDP (hexahy-
droxydiphenic) residue, to ellagic acid. The ellagitannins might also
be oxidised in its HHDP residue. However, in this case, the product
of its degradation would not be ellagic acid [15,19]. Furthermore,
due to their high reactivity, ellagitannins are involved in many other
processes during the ageing of wine. Consequently, their levels in
wine are much lower than those of other wine constituents and, as
a result, they are not easily detected in the chromatograms even
recorded at their maximum wavelength. Moreover, their struc-
tural similarities make their chromatographic separation difficult
in reversed phases as well as their identification by means of the
spectral features (identical UV–vis spectra, pseudo-molecular ions
with the same m/z ratios).
There are few studies whose objective has been the qualitative
and quantitative determination of the ellagitannin composition in
wines. Some of them only determine the total concentration of
these compounds [20] following a procedure usually employed in
the quantification of total ellagitannins in wood [14,21], which is
based on acid hydrolysis of the ellagitannins and subsequent quan-
tification of the free ellagic acid released. Nevertheless, when the
studies had the objective of the qualitative and quantitative charac-
terisation of the wine samples [22] and, in some cases grapes [23],
a fractionation step was always required. In the existing methods
the high volume of sample required, the complexity of some of
the stages and the presence of targeted compounds in more than a
single fraction can be considered as the main drawbacks.
The main objective of this study was to obtain a fractiona-
tion method which would allow the isolation of the original oak
ellagitannins from other wine constituents in order to make their
detection and quantification in wine samples possible. This study
also had the objective of obtaining an HPLC method which would
separate compounds with the same m/z ratios in order to facilitate
their identification and quantification by means of mass spectro-
metric analyses.
2. Experimental
2.1. Isolation of the ellagitannins from oak chips
One hundred grams of medium toasted chips obtained from
Q. petraea (Matt.) Liebl. wood were macerated overnight in 2.5 L
of a hydromethanolic solution (1:1) with constant stirring. Chips
were extracted twice with the same protocol and both extracts
were gathered and concentrated under reduced pressure in order
to remove the methanol. Then the aqueous extract was first cleaned
three times with diethyl ether and three times with ethyl acetate
in order to remove other extracted oak compounds which might
have interfered in further isolation steps. Once cleaned, the extract
was concentrated under reduced pressure in a rotary evaporator to
a final volume of 800 mL and half of it was loaded in a Sephadex LH-
20 (Sigma–Aldrich, St. Louis, MO, USA) column (55 mm × 270 mm)
previously conditioned with a methanol:water (40:60) solution.
The elution was carried out with methanol:acidified water (pH
4.5, acetic acid) (40:60). Several fractions were obtained and their
composition was determined by means of HPLC-DAD–MS. Among
them those containing the major oak ellagitannins (grandinin (1),
vescalagin (2), roburin E (3), castalagin (4), Fig. 1) were selected and
each ellagitannin isolated from them by means of semi-preparative
HPLC. The equipment used consisted of a Waters 600E pump
and Waters 600E pump controller with a Supelco C-18 reversed-
phase, 5 m (250 mm × 10 mm) column. The solvent employed
in the elution was a solution of 2.5% acetic acid in ultrapure
water which was pumped at a constant flow of 1.5 mL min−1.
Detection was carried out at 240 nm with a Waters 486 tunable
absorbance detector. The different fractions were then analysed by
HPLC-DAD–MS (instruments and methods described in Section 2.3)
and those with purities higher than 95% of one ellagitannin were
gathered, concentrated under reduced pressure and freeze-dried.
The identities of the ellagitannins were assigned from the data
obtained in the HPLC-DAD–MS and in the 1H and 13C NMR analy-
ses [2,21,24,25]. The final purities of the powders were determined
from the results of the HPLC-DAD–MS analyses. All the solvents
employed were analytical grade and were purchased from Prolabo®
(BDH) VWR International (Briare, France). The ultrapure water was
obtained from a Direct-QTM water purification system equipped
with a Millipak® 40 (22 m) filter unit (Millipore, Billerica,
MA, USA).
2.2. Development of the fractionation method
Three millilitres of a red wine elaborated from Vitis vinifera L.
cv. “Tempranillo” grapes was spiked with solutions of the pure oak
ellagitannins (grandinin, vescalagin, roburin E, castalagin). The con-
centration of each of these ellagitannins in the spiked wine was
about 25 mg L−1.
The spiked wine was then concentrated under reduced pressure
in order to remove ethanol and diluted with a solution of 2.5% acetic
acid in water up to a final volume of 5 mL. Then, it was fractionated
in a two-step procedure similar to that described by Lee et al. [23]
for the isolation of ellagic acid conjugates and other polyphenolics
in muscadine grapes. Nevertheless, and due to the differences in
the targeted compounds in each study, some modifications were
made (Fig. 2).
The sample was first applied onto a Waters C-18 Sep-Pak®
(500 mg) cartridge (Millipore Corp., Milford, MA, USA), previously
activated with methanol and equilibrated with 2.5% acetic acid in
water. The first fraction (fraction a) was collected from the moment
of the application of the sample onto the C-18 cartridge to the
end of the loading step and during the elution with 5 mL of 2.5%
acetic acid in water. The second fraction (fraction b) was eluted
with 5 mL of ethyl acetate and the third (fraction c), with 5 mL of
methanol. Fractions a and b were evaporated under reduced pres-
sure and re-dissolved in 2.5% acetic acid to a final volume of 2 mL.
Fraction c was also evaporated in order to remove methanol and
was re-dissolved in 2.5% acetic acid to a final volume of 5 mL. Frac-
tion a was subsequently submitted to another fractionation in a
hand-packed Sephadex LH-20 minicolumn (10 mm × 30 mm) pre-
viously activated with methanol and equilibrated with ultrapure
water. In this second fractionation, three different eluents were
employed obtaining four eluates as follows: the first eluate (fraction
Author's personal copy
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Fig. 2. Scheme of the two-step fractionation method developed in the present study for the separation of the oak ellagitannins’ fraction from red wines.
1) was obtained with 2 mL of ultrapure water, the second (fraction
2), with 2 mL of 100% ethanol (96% vol.), the third (fraction 3) with
1 mL of 100% methanol and the last (fraction 4), with 5 mL of 100%
methanol. All these eluates were evaporated under reduced pres-
sure and re-dissolved in 2.5% acetic acid to a final volume of 2 mL.
All the fractions obtained in both fractionations were analysed by
HPLC-DAD–MS in order to localise the oak ellagitannins.
2.3. HPLC-DAD–MS analyses
HPLC-DAD analyses were performed in a Hewlett-Packard 1100
series liquid chromatograph. An AQUA C-18 reversed-phase, 5 m,
150 mm × 4.6 mm column (Phenomenex®, Torrance, CA, USA) ther-
mostatted at 35 ◦C was used. Two HPLC methods were developed
for the analyses of different fractions.
Method 1 (for the ellagitannins analyses): The ellagitannin-rich
fraction (fraction a) and the fractions obtained in the size exclu-
sion chromatography with Sephadex LH-20 (fractions 1–4) were
analysed with this method. The HPLC-DAD conditions were opti-
mised with oak extracts rich in the four main ellagitannins. The
solvents used were: (A) an aqueous solution (2.5%) of acetic acid, (B)
100% HPLC-grade isopropanol (HiPerSolv® Chromanorm, BDH Pro-
labo, VWR International, Briare, France) and (C) 100% HPLC-grade
methanol (HiPerSolv® Chromanorm, BDH Prolabo, VWR Interna-
tional, Briare, France). In order to solve the problem of the global
shortage of acetonitrile, different mixtures of isopropanol and
methanol were tested. The following gradient was finally estab-
lished: isocratic 100% A for 14 min at flow 0.4 mL min−1, from 0.4
to 0.5 mL min−1 for 1 min, from 100% A to 90% A, 2% B, 8% C for
5 min, from 90% A, 2% B, 8% C to 60% A, 8% B, 32% C for 20 min and
isocratic 60% A, 8% B, 32% C for 5 min.
Method 2 (for the ellagic acid analysis): In order to achieve a
better separation of ellagic acid from other phenolic compounds
present in fraction b a different HPLC method was developed. The
mobile phase was composed of solvent A (2.5% acetic acid in water)
and solvent B (100% HPLC-grade methanol). The following gradient
was used at a flow rate of 0.5 mL min−1: from 100% A to 50% A for
50 min. Fraction c was also analysed using this method in order to
check the presence of ellagic acid.
In both chromatographic methods detection was carried out at
250 nm as the preferred wavelength. Spectra were recorded from
220 to 600 nm.
For all fractions, the mass analyses were performed using a
FinniganTM LCQ ion trap instrument (Thermoquest, San Jose, CA,
USA) equipped with an electrospray ionisation (ESI) interface. The
LC system was connected to the probe of the mass spectrometer via
the UV cell outlet. The optimisation of the conditions was done with
a castalagin solution. Both the sheath gas and the auxiliary gas were
nitrogen. The sheath gas flow was 1.2 L min−1 and the auxiliary gas
flow, 6 L min−1. The source voltage was 4.5 kV. The capillary voltage
was −27 V. Spectra were recorded in negative ion mode between
m/z 100 and m/z 2000. The mass spectrometer was programmed
to do a series of four consecutive scans: a full mass, a zoom mass
and an MS2 scan of the most abundant ion in the full mass and an
MS3 of the most abundant ion in the MS2. The normalised energy
of collision was 30%.
2.4. Analysis of red wine samples
In order to verify the usefulness of the isolation method in real
red wine samples three different wines (A, B and C) were fraction-
ated and their fractions analysed with the same methods as the
fractions of the spiked wine. Wine A was made from V. vinifera L.
cv. “Graciano” grapes and was analysed after 2 months’ malolac-
tic fermentation in oak barrels. Wine B was made from V. vinifera L.
cv. “Tempranillo” grapes and was analysed after ageing 4 months in
oak barrels and eight in the bottle. Wine C was made from V. vinifera
L. cv. “Graciano” grapes and was analysed after ageing 14 months
in oak barrels and twelve in the bottle. The wines (de-alcoholised
in a rotary evaporator and diluted 3/5 in 2.5% acetic acid) were
also analysed before the fractionation by means of HPLC-DAD–MS
(Method 1).
Author's personal copy
174 I. García-Estévez et al. / Analytica Chimica Acta 660 (2010) 171–176
3. Results and discussion
3.1. Fractionation method
The HPLC-DAD–MS analysis of the spiked wine before its frac-
tionation revealed the complexity of the sample. Fig. 3 shows its
chromatogram (dilution 3/5 in 2.5% acetic acid) recorded at 250 nm.
The elevation of the baseline in the earlier part of the chromatogram
and the presence of a “hump” from 20 to 55 min were indica-
tive of the co-elution of a large number of compounds making the
detection and identification of the ellagitannins difficult. Since the
concentration of the ellagitannins in the spiked wine (see Section
2.2) was twice or more times higher than that reported in wines
[2,22], it was possible to localise them in the chromatogram by the
mass analysis. Two peaks (2 and 4) appeared in the extracted ion
current chromatogram (EIC) of the signal at m/z 933 and another
two (1 and 3) in that of the signal at m/z 1065. Taking into account
the chromatographic features of the ellagitannins used to spike
the wine peak 2 was assigned to vescalagin and peak 4 to casta-
lagin. Similarly, peak 1 corresponded to grandinin and peak 3 to
roburin E. However, the co-elution of these compounds with oth-
ers hindered the obtaining of their spectral features. Furthermore,
as the ellagitannin levels in real oak-matured red wines are much
lower than in the spiked one it can be easily deduced that the
fractionation of the sample is a required step in their determina-
tion.
In the present study the procedure proposed by Lee and co-
workers [25] for the identification of ellagic acid conjugates in
grapes was modified and employed for the identification of oak
ellagitannins in oak-matured red wines. The modifications car-
ried out in the method allowed the obtaining of all the oak
ellagitannins in the same fraction, isolated from other phenolic
compounds.
As shown in Fig. 2 the spiked wine was initially fractionated
on a C-18 Sep-Pak® cartridge and three fractions were obtained,
one eluting with 2.5% acetic acid (fraction a), a second one eluting
with ethyl acetate (fraction b) and a third (fraction c) eluting with
methanol. The HPLC-DAD–MS analysis of the fractions revealed
that fraction a contained all the oak ellagitannins and other polar
substances, such as gallic acid.
None of the oak ellagitannins was detected in fractions b and c
which were initially analysed with method 1 and then with method
2 in order to achieve a better separation of the peak corresponding
to ellagic acid, since with method 1 it eluted in the “hump”. Ellagic
acid was only detected in fraction b. In this fraction it was also pos-
sible to detect other phenolic compounds, such as the glucosylated
derivative of ellagic acid, flavanols (monomeric and oligomeric
forms, some of them galloylated) and flavonols (aglycones, glu-
Fig. 3. Chromatogram of the spiked wine before its fractionation recorded at
250 nm. (1) Grandinin, (2) vescalagin, (3) roburin E and (4) castalagin.
Fig. 4. Chromatogram corresponding to fraction a of the spiked wine recorded at
250 nm. (1) Grandinin, (2) vescalagin, (3) roburin E and (4) castalagin.
cosides and glucuronides of quercetin and myricetin, above all)
as well as compounds structurally related to ellagitannins (HHDP-
glucose).
Fraction c was mostly constituted by anthocyanins (monoglu-
cosides, acetylated and coumaroylated derivatives).
Although all the oak ellagitannins added to the wine sam-
ple eluted in fraction a, many other compounds still co-eluted
with them (Fig. 4). As in the non-fractionated wine the iden-
tification of the peaks corresponding to the oak ellagitannins
was only achieved from the results of the mass analyses. Thus,
another fractionation step was required to improve the separa-
tion.
As in the procedure proposed by Lee et al. [23], fraction a was
loaded on a hand-packed Sephadex LH-20 minicolumn (Fig. 2).
However, in our case, the elution steps were modified in order
to obtain a better separation of the targeted compounds. Four
fractions were obtained with three different eluents (ultrapure
water, ethanol 96% vol. and methanol) and were analysed by HPLC-
DAD–MS. The fractions obtained in the elution of fraction a with
ultrapure water (fraction 1) and with ethanol (fraction 2) (Fig. 5)
contained most of the compounds which interfered with the deter-
mination of oak ellagitannins in fraction a, since they have similar
chromatographic features. The removal of these compounds is an
important advantage of the fractionation method developed in this
work.
The third fraction (fraction 3) contained, above all, gallic acid
(Fig. 6). The HPLC-DAD–MS analysis of these three fractions showed
that none of them contained ellagitannins, as in the EIC of the sig-
nals at m/z 933 and at m/z 1065 only noise was detected. The fourth
fraction (fraction 4, Fig. 7) contained all the oak ellagitannins, iso-
lated from all the compounds that co-eluted with them. Thus, in
this fraction it was possible to detect and identify the four ellagi-
tannins, not only from the data provided by the HPLC–MS analysis
(Fig. 7c), which showed two peaks in the EIC at m/z 933 (peaks 2
and 4) and another two in that at m/z 1065 (peaks 1 and 3), but also
from the UV spectra (Fig. 7b) of these peaks, which were typical of
this kind of ellagitannins [24].
Initially, fractions 3 and 4 were collected together. However,
the presence of gallic acid, that possesses a retention time similar
to those of the main oak ellagitannins, interfered in their detection
and, above all, in their quantification. In order to avoid this, fraction
3 was eluted with 1 mL of methanol and fraction 4 was then eluted
with five more millilitres of methanol.
Even after this separation and due to the similar chromato-
graphic properties of the analysed ellagitannins, related to the fact
of being isomers (vescalagin (2) and castalagin (4); grandinin (1)
and roburin E (3), Fig. 1), the chromatogram obtained for fraction
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Fig. 5. Chromatograms corresponding to (a) fraction 1 and (b) fraction 2 of the spiked wine recorded at 250 nm.
4 (Fig. 7a) showed a slight overlapping of the peaks of the three
first ellagitannins. For this reason accurate quantification of the
individual ellagitannins from the UV chromatogram would not be
possible. The mass analysis would solve this problem derived from
co-elution, since it allows the obtaining of the area of any individ-
ual compound. Nevertheless, quantification using mass detection
would only be possible if there were an internal standard to cor-
rect the high variability of the mass signal. Some authors [22] have
proposed chlorogenic acid as an internal standard. However, in our
laboratory, and using different kinds of mass spectrometers (ion
trap and single quadrupole mass analysers), no stable relation-
ship has been found between the signal of the chlorogenic acid
and those of the four ellagitannins studied in this work. This is
Fig. 7. (a) Chromatogram of fraction 4 of the spiked wine recorded at 250 nm. (b)
UV–vis spectra of the oak ellagitannins detected in this fraction. (c) EIC (extracted
ion current chromatogram) of the signals at m/z 933 and m/z 1065 in fraction 4. (1)
Grandinin, (2) vescalagin, (3) roburin E and (4) castalagin.
probably due to the differences in the molecular structure and
properties between ellagitannins and chlorogenic acid. It would
be expected that a compound with a molecular structure more
similar to those of these ellagitannins would be a better internal
standard. Nevertheless, the candidates to be used as internal stan-
dards are mostly found in natural sources whose obtaining either
by extraction–purification or by hemi-synthetic method is compli-
cated and time-consuming.
3.2. Recovery of the fractionation method
The recovery was calculated from the application of this sep-
aration method in triplicate to a wine sample before and after
the addition of known amounts of pure castalagin (50%, 100% and
150% of the content reported for this ellagitannin in wine [22])
and from the comparison between the amount determined in the
ellagitannin-rich fraction (fraction 4, see Fig. 2) and the added one.
As the peak of the castalagin was clearly separated from others
in the chromatogram of this fraction recorded at 250 nm it was
possible to quantify it from the area of the peak using an external
calibration curve of castalagin. The mean recovery, which takes into
account the mean recovery at each concentration and the mean of
these recoveries, was 91.5%.
3.3. Application of the fractionation method to oak-matured red
wines
Once tested with the spiked wine the developed method was
used to analyse the oak ellagitannins in three real wines in dis-
tinct stages of the winemaking and ageing. Differences in the
Fig. 6. (a) Chromatogram of fraction 3 of the spiked wine recorded at 250 nm. The
peak with the asterisk (*) corresponds to gallic acid. (b) UV–vis spectrum of gallic
acid.
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Fig. 8. EIC of the signals at m/z 933 and m/z 1065 in wines A (a), B (b) and C (c), before fractionation (a-1, b-1, c-1) and in the corresponding fractions 4 (a-2, b-2, c-2) obtained
after fractionation of the samples. (1) Grandinin, (2) vescalagin and (4) castalagin.
ellagitannin levels of these three wines were expected due to the
differences in their ages and in the time spent in oak barrels. None of
the targeted ellagitannins was detected in the wines when analysed
directly after de-alcoholisation and dilution of the sample. How-
ever, when these wines were fractionated, it was possible to detect
some ellagitannins in fraction 4 (Fig. 8).
In the case of wine A (wine after 2 months of malolactic fermen-
tation in oak barrels), grandinin, vescalagin and castalagin could be
detected. For wine B (wine after ageing 4 months in oak barrels and
8 in the bottle), only castalagin could be detected. In the third case,
wine C (wine after ageing 14 months in oak barrels and 12 in the
bottle), the developed method allowed the detection of grandinin
and castalagin.
4. Conclusions
A two-step fractionation method consisting of a solid phase
extraction in C-18 Sep-Pak® cartridges followed by size exclusion
chromatography in a hand-packed Sephadex LH-20 minicolumn
has been optimised for the detection and identification of the main
oak ellagitannins in red wine samples. Oak ellagitannins were only
present in one fraction and separated from other phenolic com-
pounds that might interfere in the HPLC-DAD–MS analyses of the
fractions, such as, for example, gallic acid which behaves simi-
larly to ellagitannins in reversed-phase. The use of this method in
wine samples corresponding to different stages of the winemak-
ing and ageing and produced from grapes belonging to different
cultivars has allowed the detection of grandinin, vescalagin and
castalagin in them. Furthermore, this isolation method has addi-
tional advantages: the low amount of wine sample required
for the analysis (3 mL) and the short time required. The chro-
matographic method developed for the analyses of the fractions
has allowed the separation of compounds with related struc-
tures and pseudo-molecular ions with identical m/z ratios which
makes their individual detection, identification and, in the future,
quantification possible provided a suitable internal standard is
found.
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